In March, 2011, large amounts of radioactive materials were released from the Fukushima Daiichi nuclear power plant after the nuclear accident. Especially, for humans, internal exposure to 137 Cs and 90 Sr radionuclides presents very high risks because of their very long physical half-lives ( 137 Cs: 30.2 years, 90 Sr: 28.9 years). Therefore, it is important to inhibit the absorption of radioactive materials and to promote the excretion of them from the body through feces. The aim of this study was to explore foods, their components and various chemicals showing adsorption properties to Cs and Sr. Sodium alginate (ALA-Na) strongly adsorbed Cs and Sr compared with other samples. Chondroitin sulfate, carboxymethyl cellulose sodium (CMC-Na), methyl cellulose (MC) and apple polyphenols (AP; high molecule weight) also showed adsorption potency to Cs in that order. For Sr adsorption, kelp, CMC-Na, MC, AP (high molecule weight), laminaran and Jew's mallow exhibited adsorbing effects in that order. These samples might be useful and safe tools to protect from the adverse effects induced by internal exposure to these radioactive materials.
Enormous amounts of radioactive materials (mainly 137 Cs, 129 I, 90 Sr) were released from the Fukushima Daiichi nuclear power plant after the Great East Japan Earthquake and tsunami on March 11 th , 2011. Various foods and drink, such as vegetables, milk, meat, eggs, fish and drinking water, were contaminated by a large amount of radionuclides released from the power plant [1] . If these contaminated foods were to be consumed, internal radioactive contamination may be induced by radionuclides. Especially, 137 Cs and 90 Sr present high risks because of their long physical half-lives ( 137 Cs: 30.2 years, 90 Sr: 28.9 years) [2a,b] . At present, ferric ferrocyanide (Fe 4 [Fe(CN) 6 ] 3 ), which is generally called Prussian blue, is recommended for protecting against internal exposure to radionuclides. Prussian blue binds Cs in the gut lumen by an ionic exchange reaction between iron and Cs [3] . Therefore, treatment with Prussian blue increases Cs excretion in the feces. However, Prussian blue tends to cause constipation as a side effect [4] , so the intestinal tract might be locally exposed to radioactive materials, which increase the health risk. It has been reported that alginate (ALA) adsorbs Cs and Sr, inhibits absorption, and enhances excretion of them [5] . Therefore, the International Atomic Energy Agency (IAEA) has recommended ALA (dietary intake as sodium alginate (ALA-Na): 4 g/body/day) for treatment of patients exposed to radio strontium. However, when living environments and foods are suddenly polluted with radioactive materials, it is unknown whether it is possible to have ALA. Therefore, it is important to explore if materials other than ALA have the ability to capture radionuclide materials. In this study, we examined various food materials and chemicals showing adsorbing effects with Cs and Sr.
The adsorptive potency of samples to Cs and Sr were examined using in vitro systems. Figures 1 and 2 show the Freundlich adsorption isotherm of each sample for adsorption of Cs and Sr at 20C. Tables 1 and 2 show some parameters (K, n and correlation coefficient value) from the Freundlich adsorption isotherm of each sample for absorption of Cs and Sr. From these results, micin, freeze-dried nameko, freeze-dried shiitake, chitosan, and chitin AP (low MW) SUN FIBER could not absorb Cs and Sr. However, ALA-Na, chondroitin sulfate (ChS), carboxymethyl cellulose sodium (CMC-Na), methyl cellulose (MC) and apple polyphenols (AP: high MW) showed adsorption effects with Cs. Especially, ALA-Na exhibited a stronger effect to Cs than the other samples, and the k value of ALA-Na was the highest (41.6). The k values of each sample from the Freundlich adsorption isotherm for Cs were 3.2 (Chs), 1.68 (CMC-Na), 4.47×10 -1 (MC) and 1.20×10 -1 (AP) ( Table 1 ). In Figure 2 , ALA-Na, ChS, kelp, CMC-Na, MC, calcium alginate (ALA-Ca), AP (high MW) and laminaran showed adsorbing effects with Sr. The adsorptive activity of ALA-Na to Sr was the strongest of all the samples, as with Cs. The k values of each sample from the Freundlich adsorption isotherm for Sr were 339 (ALA-Na), 168 (ChsCMC-Na), 4.47×10 -1 (MC) and 1.20×10 -1 (AP) ( Table 2) .
Kelp showed a strong adsorbing effect for Sr, because kelp has ALA-Na in high concentration. Kelp is a common food in Japan, China and Korea, and is usually consumed as a flavored broth or a savory garnish for meals. Additionally, kelp is rich in iodine [6] . Iodine tablets are used to protect accumulation of radioactive iodine-131 in the thyroid gland and should be stocked by local governments in a 30 km zone around the nuclear power plants in Japan. Laminaran, which inhibits absorption of Sr, is also contained in kelp. It has been reported that beta-glucan including laminaran has immunostimulation activity and protects the body from radiation [7] . Therefore, kelp is a very useful food for preventing internal exposure because of the adsorbing effect on radioactive materials and because it contains iodine in high concentration. MC showed adsorptive properties for both Cs and Sr, and strongly adsorbed Cs in particular. MC has gel formation ability, induced by hydrophobic interaction, and can adsorb alkali and alkaline earth metals [8] . It is thought that MC holds a gel formation with Cs stronger than with K because the hydrated ionic radius of Cs is smaller than that of K [9] . Therefore, it may be said that MC has the potential ability to adsorb selectively to Cs. CMC-Na adsorbed Cs and Sr stronger than MC. CMC-Na has the same basic cellulose skeleton as MC, and also has carboxyl groups that are not present in the structure of MC. Because the carboxyl group has the ability to ion exchange, Cs and Sr were adsorbed to CMC-Na more strongly than to MC. ChS also adsorbed strongly to Cs and Sr. It is considered that the sulfate groups of ChS interacted with Cs and Sr. The adsorption k value (Cs) of ChS was approximately the same as that of ALA-Na, so it would be expected that ChS inhibits adsorption of Cs and Sr to the equivalent of ALA-Na. It has been reported that apple pectin reduced the 137 Cs whole body count in children [10] . Therefore, we also examined the adsorption effects of high and low molecular AP to Cs and Sr. Only high molecular AP showed the ability to adsorb Cs and Sr because of ionic exchange of the carboxyl group. In this experiment, the adsorbing potency was estimated by the detection of Cs and Sr concentrations in the filtrate after passage through a membrane filter (3000 NMWL). Because low molecular AP passed through the filter, we could not evaluate its adsorption activity. Therefore, it is necessary to consider a novel method for estimation of the potency of low molecular AP.
From these results, we found eight food samples and five compounds that adsorbed Sr and Cs. Carboxyl and sulfate groups in the structure were important for adsorption of Cs and Sr. These samples can be useful tools to defend against internal exposure by inhibiting absorption of Cs and Sr. In the future, it is necessary to estimate whether these samples might show the absorbing effects to Sr and Cs in vivo, using experimental animals.
Experimental
Adsorption experiments: Sodium alginate (ALA-Na) and calcium alginate (ALA-Ca) were bought from KIMICA Co. (Tokyo, Japan); chondroitin sulfate (ChS), apple-pectin (high molecular weight; MW 30000-100000) (AP high MW) and sodium carboxyl methyl cellulose (CMC-Na) from Sigma-Aldrich Japan Co. (Tokyo, Japan); mucin, methyl cellulose (MC), chitosan and chitin from Wako Pure Chemical Industries, Ltd. (Osaka, Japan); laminaran from Tokyo Chemical Industry Co., Ltd. (Tokyo, Japan); apple pectin (low molecular weight; MW 30000 less) (AP low MW) from apple pectin laboratory (Aomori, Japan); and SUN FIBER (guar gum degradation product) from Taiyo kagaku Co. Ltd. (Mie, Japan).
Pholiota microspora (nameko) and Lentinula edodes (Shiitake), that are Japan's most popular cultivated mushrooms, and kelp were bought from a supermarket in Shizuoka city. Nameko, shiitake and kelp were freeze-dried with FDU-2100 (Tokyo Rikakikai Co., Ltd., Tokyo, Japan) and used as samples. Each sample was prepared at the following concentration (mg/mL) using distilled water: ALA-Na ) ) was added to a final concentration of 0.02 mM [6] . These solutions were filtered by centrifugation (15,000 × g, 20 min, 37C) through a membrane filter (A miconultra 3K device, 3000 NMWL, Merck Millipore Co., Tokyo, Japan). The amounts of Cs and Sr in filtrates were measured by ICP-MS (Varian 810/820-MS, Varian Medical Systems, Inc., Tokyo, Japan). Yttrium was used as an internal standard. Limits of quantification (LOQ) for measured metals were as follows: Cs 0.05 ppb, Sr0.05 ppb, All samples were analyzed in triplicate. 
